Relationship between changes in bone mineral density and fracture risk reduction with antiresorptive drugs: some issues with meta-analyses.
Published meta-analyses have investigated the relationship between changes in BMD and fracture risk reduction observed with antiresorptive agents, with inconsistent results. Many factors may affect the outcome of such analyses. Our work explores some of these factors and illustrates the need for caution in interpreting the results of meta-analyses. The role of the increase in bone mineral density (BMD) in fracture risk reduction observed in osteoporotic patients treated with antiresorptive drugs is unclear. We examined the effects of study selection, the use of summary statistics or individual patient data (IPD) as the basis for the analyses, and the choice of BMD values used on the outcome of meta-analyses. To evaluate the effects of study selection, we performed Poisson regression analyses using the results from a number of published studies. To evaluate the effects of using individual patient data instead of summary statistics, we simulated the IPD for vertebral fracture to match the summary statistics for published trials and compared these results with those based on meta-regression using summary statistics. We also evaluated the effect of varying the BMD increase with treatment (3-8%) used in predicting the fracture risk reductions in these simulations. The Poisson regression, which found a statistically significant relationship between nonvertebral fracture risk and spinal BMD when 18 trials of varying designs, duration, and sample size were included in the analysis (p = 0.02), was no longer significant when the analysis was based on the 7 large studies that were placebo-controlled, at least 3 years in duration (at least 1000 patient-years). Meta-analyses of simulated IPD from 12 trials of six antiresorptive agents gave accurate results regardless of the proportion of vertebral risk reduction assumed to be related to BMD change, whereas meta-regression based on summary statistics always produced an estimate around 50%. When the actual data from two risedronate studies were analyzed, the meta-regression based on summary statistics demonstrated a stronger correlation between BMD change and fracture risk reduction than the results based on the IPD analysis. In predicting the fracture risk reduction, the use of the average BMD gain (3%) observed in all studies in the calculations produced an overall fracture risk reduction very similar to the one observed clinically. In contrast, the use of a large BMD gain (8%) produced a substantially higher estimated fracture risk reduction and resulted in a high proportion of fracture risk reduction being attributed to BMD change. Many factors may influence the outcome of meta-analyses, and caution should be used in interpreting the results of such analyses when exploring the relationship between BMD changes and fracture risk reduction with antiresorptive therapy of osteoporosis.